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This study involves the isolation and screening of an organic solvent-tolerant 
producer from eleven Benzene-Toluene-Xylene-Ethylbenzene (BTEX) tolerant 
bacteria and Polycyclic-Aromatic-Hydrocarbons (PAHs) degraders. The bacteria 
were initially isolated following qualitative screening on skim milk agar plates and 
quantitative screening for organic solvent stable protease in liquid media. An organic 
solvent-tolerant protease producer identified as Pseudomonas aeruginosa strain K 
was selected for further analysis based on the stability of its protease in 25% (v/v) 
benzene and toluene. 
Maximum protease production by Pseudomonas aeruginosa strain K was achieved 
after 48 h incubation at pH 7.0 and 37°C. St.atic condition and 4.0% (v/v) bacterial 
inoculum gave the optimum enzyme yield. Culture media containing sorbitol as the 
carbon source; casamino acids as the organic nitrogen source and sodium nitrate the 
inorganic nitrogen source, gave the highest level of protease production. Corn steep 
liquor, beef extract and ammonium nitrate on the other hand inhibited protease 
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activity. However, the addition of metal ions such as K+, Mg2+ and Ca2+ maximized 
enzyme synthesis. 
The orgamc solvent-tolerant strain K protease was purified to homogeneity by 
ammonium sulphate precipitation and anion exchange chromatography with 1 24-fold 
increase in specific activity and about 40% recovery. The molecular weight of the 
purified enzyme as revealed by SDS-PAGE electrophoresis is about 5 1  kilodaltons 
(kDa). The strain K protease was an alkaline metalloprotease with an optimum pH 
and temperature of pH 1 0.0 and 70°C, respectively. The protease was activated by 
Zn2+ and Sr2+ while Fe3+ inhibited it. Activation effect was also observed when the 
purified enzyme was exposed to denaturing and reducing agents such as 6M urea, 
Triton-X-l OO and Tween 20 for 1 h exposure to the purified enzyme. After 14  days 
of incubation, the purified organic solvent-tolerant enzyme was 1 . 1 1 ,  1 .82, 1 .50, 1 .75 
and 1 .80 times more stable in I -decanol, isooctane, decane, dodecane and 
hexadecane, respectively. 
The gene coding for the organIC solvent-tolerant protease was amplified from 
Pseudomonas aeruginosa strain K by polymerase chain reaction using consensus 
primers based on the multiple sequences alignment of alkaline and metalloprotease 
genes from Pseudomonas species. Nucleotide sequence analysis of the gene revealed 
an open reading frame containing 1 440 bp, which codes for a polypeptide of 479 
amino acid residues. The polypeptide composed of a N-terminal propeptide of 7 
amino acid residues and a mature protein of 472 amino acid residues. Amino acid 
sequence comparison revealed that the organic solvent-tolerant protease gene shared 
high homology with alkaline and metalloprotease sequences from Pseudomonas 
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aeruginosa and Pseudomonas jluorescens. The recombinant strain K protease was 
successfully expressed in pGEX-4T-I expression vector. In the presence of 1 .0 mM 
IPTG, the recombinant strain K protease was released into the periplasm of the 
Escherichia coli BL2 1 (DE3) host. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia 
sebagai memenuhi keperluan untuk ijazah Doktor Falsafah 
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LEE POH GEOK 
Mac 2003 
Pengerusi : Profesor Abu Bakar Salleh, Ph.D 
Fakulti : Sains dan Pengajian Alam Sekitar 
Pengajian mengenai penyaringan dan pemencilan bakteria penghasil protease stabil 
pelarut organik telah dijalankan ke atas sebelas pencil an yang stabil kepada benzena, 
toluena, xilena dan etilbenzena (BTEX). Bakteria yang berkeupayaan mengdegradasi 
hidrokarbon polisiklik aromatik telah dipencil berdasar kepada pemencilan kualitatif 
di atas agar susu (SMA) dan pemencilan kuantitatif kepada protease stabil pelarut 
organik di dalam media kaldu. Satu pencilan yang menghasilkan protease stabil 
pelarut organik telah dikenalpasti sebagai Pseudomonas aeruginosa strain K. 
Pencilan tersebut dipilih untuk kajian selanjutnya berdasarkan kepada keupayaan 
proteasenya yang stabil dalam 25% (III) benzena dan toluena. 
Penghasilan maksimum protease Pseudomonas aeruginosa strain K tercapai pada pH 
7.0 dan 37°C selepas 48 jam pengeraman. Keadaan statik dan 4.0% (III) inokulum 
bakteria menghasiIkan protease pada tahap yang maksimum. Penghasilan protease 
tertinggi diperolehi apabila bakteria strain K dikulturkan dalam media yang 
menggunakan sorbitol sebagai sumber karbon, asid casamino dan sodium nitrat 
sebagai sumber nitrogen organik dan nitrogen tidak organik. "Com steep liquor", 
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ekstrak daging and ammonium nitrat merencat aktiviti protease. Penambahan ion 
1 ct· K+ M 2+ d C 2+ • k k . . . b ogam sepe I , g an a menmg at an smtesis enzlm terse ut. 
Protease stabil pelarut organik daripada strain K berjaya ditulenkan hingga homogen 
melalui pemendakan ammonium sulfate dan kromatografi penukaran anion dengan 
peningkatan aktiviti spesifik sehingga 124 kali ganda dan pulangan aktiviti sebanyak 
40%. Berat molekul enzim yang ditulenkan ialah kira-kira 5 1  kDa ditentukan melalui 
kaedah SDS-PAGE. Protease strain K adalah protease jenis alkali dan metalo dengan 
pH dan suhu optimumnya pada pH 1 0.0 dan 70°C. Ion logam seperti Zn2+ and Sr2+ 
mengaktifkan enzim ini manakala ion Fe3+ merencatkannya. Tindakan keaktifan 
protease juga dapat dikesan dengan kehadiran agen denaturasi dan penurun, di mana 
pendedahan selama 1 jam kepada 6M urea, Triton-X-IOO and Tween 20 
meningkatkan aktiviti enzim. Selepas pengeraman selama 14  hari dengan pelarut 
organik, protease yang telah ditulenkan didapati lebih stabil sebanyak 1 . 1 1 ,  1 .82, 
1 .50, 1 .75 and 1 .80 kali ganda untuk I-decanol, isooctana, decana, dodecana and 
hexadecana berbanding dengan piawai. 
Gen protease stabil pelarut organik daripada Pseudomonas aeruginosa strain K telah 
digandakan melalui tindakbalas berantai polimerasi dengan menggunakan primer-
primer yang berdasarkan jujukan tindihan gen protease alkali dan metalo daripada 
spesies Pseudomonas. Analisis jujukan menunjukkan rangka bacaan terbuka bersaiz 
1440 bp yang mengkodkan polipeptida yang mengandungi 479 residu asid amino. 
Polipeptida tersebut terdiri daripada 7 asid amino residu propeptida N-terminal dan 
472 residu asid ammo protein matang. Perbandingan asid amino menunjukkan 
homologi yang tinggi dengan protease alkali dan metalo daripada spesis 
VI 
Pseudomonas aeruginosa dan Pseudomonas jluorescens. Protease daripada strain K 
rekombinan telah berjaya diekspreskan dengan vektor pengekspresan pGEX-4T-1 .  
Kehadiran 1 .0 mM IPTG menyebabkan protease strain K rekombinan dirembeskan 
ke dalam periplasma perumah Escherichia coli BL21 (DE3). 
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